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In 1928 Duran-Reynals8 reported that vaccine virus skin infec-
tions in rabbits were intensified when the virus used was extracted
from testicular tissue. This subject was rapidly developed and the
agent responsible came to be designated "spreading factor." Spread-
ing factor was reported to be present not only in organ extracts of
mammalian testes, but also to a lesser degree in the kidney and skin'
and in the epididymis and lung.6 Snake venom and other animal
venoms were reported by Duran-Reynals'1 12 and others as having
this property. Claude4
' found leech extracts to be a good source of
spreading factor and also reported that certain azoproteins showed
a capacity for spreading. Christensen3 reported that kallikrein
("Padutin," Bayer) produced a slow, edematous spread. Duran-
Reynals and Stewart,"4 as well as Claude and Duran-Reynals,6
showed that sarcomatous growths possessed spreading factor.
Strongly active material was also provided by invasive bacteria,
such as the staphylococcus, streptococcus, and pneumococcus'° 18, 36
and by Cl. welchii and Cl. aedematis-nmligni.22
There have been a number of outstanding questions provoked
by this spreading phenomenon. Among them may be included:
What is the nature of the agent producing this spread? What is the
mechanism by which it acts? Do all of the different substances
which serve as a source of spreading factor have the same active
agent? Does the capacity of pathogenic bacteria to produce this
spreading factor govern the invasiveness of the bacteria?
A study concerned with the last two of these questions was under-
taken. The principal interest was the relationship of spreading fac-
tor from testicular extract to spreading factor from bacteria-in this
study, to that derived from a highly virulent Group A streptococcus.
Since this investigation was begun the enzyme studies of Chain
and Duthie' and of Meyer and his co-workers,25' 26, 27, 28 and of sev-
eral other investigators have done much to clarify the first two of
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the questions stated above. The interpretation of the results pre-
sented in this paper are based on these reports on the enzyme nature
of spreading factor.
1. The materials and their preparation.
Tests of a number of strains of streptococci, testing the culture
filtrates in the skin of rabbits for spreading action, showed that the
Cavallano strain, a Group A streptococcus, was the most active. It
was lethal for mice at a dilution of 10-7, yet 5 cc. of sterile broth
filtrate failed to kill mice when injected intraperitoneally. The
strain was found to have strong fibrinolytic activity, but it showed no
hemolysis of rabbit red blood cells suspended in saline.
In an effort to secure a product with a high content of spreading
factor, broth cultures of the Cavallano strain were subjected to sev-
eral different concentration procedures. McClean's22 method of
precipitation with lead acetate and Madinaveitia's24 method were
tried. The end-products from these methods tended to yield a
brown-syrupy material which was not considered satisfactory and
which also was not readily freed of lead. In order to have a product
comparable to the testicular extract the acetone precipitation method
was tried. For this procedure broth cultures were not suitable
because of the large volume of acetone required. Streptococci were
grown, therefore, on agar in Blake bottles.
The cultures were incubated for a period of from 24 to 48 hours,
and then the growth was washed off with 10 cc. of saline and placed
at 4° C. overnight. Since it was possible to demonstrate the pres-
ence of a "spreading factor" in the sterile filtrate of 24-hour broth
cultures, it was believed that the active substance was water-soluble
and diffused into the broth. Thus, the object of washing the cells
in saline and keeping them in the cold was to allow diffusion and yet
minimize the opportunity for autolysis. After remaining in the ice-
box overnight the saline suspension was centrifuged and filtered.
The cells were discarded. The supernatant was kept chilled in an
ice-bath and stirred constantly while four volumes of acetone were
added slowly. The resulting large, white precipitate was collected
by the use of a Buchner funnel and dried by washing with acetone.
In a few cases where the precipitate tended to be gummy, the acetone
washing was followed by one of alcohol. In an effort to have a
uniform product the growth on from 75 to 125 Blake bottles was
harvested at the same time.
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2. Biological assay of extracts.
(a) In vivo: Intradermal.
To determine the potency of the testicular extract and the strep-
tococcal extract in regard to spreading factor content, the activity of
these materials was observed when injected into the skin of a rabbit.
In makingup the extract solutions 0.01 gm. was added to each 1.0 cc.
of saline. This was mixed thoroughly with the use of a mortar and
pestle, and the insoluble particles were removed by centrifugation.
For each skin injection 0.05 cc. of extract solution was used. Though
India ink has been commonly employed as an indicator of the area
of spread, its use has been subjected to criticism by Favilli and
McClean"7 and by Madinaveitia24 on the basis that the large carbon
particles absorbed some of the active principle. Evans blue (Duran-
Reynals"3) was selected as the indicator. This dve was used in two
different ways. In some cases it was mixed with the extract and
injected as one solution; while in other instances the extracts were
injected intracutaneously and the Evans blue was given intrave-
nously. For the injection of the dye intravenously at least 2 cc. of a
1:1000 dilution was necessary.
When the dye was injected intravenously prior to the skin injec-
tions, it promptly entered the injected areas of the skin and so made
it possible to follow the area of spread. When the dye was injected
after the skin had been injected, it took much longer to appear in
the cutaneous areas, and even then usually failed to appear in the
area injected with testicular extract. Its appearance in the areas
injected with streptococcal extract suggested vascular damage, which
the testicular extract did not produce. This difference in response
of the dye, depending on the order in which it was injected, is in
agreement with observations reported by Ebbecke,16 Hanger,19 and
Ramsdell."5
Thetesticular extract was found to reach its limit ofspread within
two hours, involving an area approximately four times that of an
area injected at the same time and with the same quantity of strep-
tococcal extract. In eight hours the areas injected with streptococcal
extract were equal in size to those injected with testicular extract.
This difference in rate was always observed. When the testicular
extract was injected the initial bleb disappeared immediately and the
surface of the entire area involved in the spread remained level,
with the edge slightly irregular. After streptococcal extract was
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injected, the small initial bleb which was formed did not disappear
but rather increased in size so that the entire area involved was
edematous and the periphery was distinct and even.
As stated above the initial test of streptococcal cultures had con-
sisted of the injection of broth culture filtrates into the skin of rab-
bits. These areas had appeared pinkish in color. Diluted cultures
were found to give the same distinct, yet mild, inflammatory
response. It was decided, therefore, to perform experiments using
living streptococci instead of Evans blue to indicate the extent of the
area of spread produced by the extracts. The reactions may be said
to parallel roughly those seen with the dye as an indicator in regard
to the initial stages covering a period of the first five hours.
When washed streptococci were added to streptococcal extract,
the resulting inflammatory response was restricted to the area of
spread of the extract. The streptococci did not invade the tissues
beyond the limits of the area affected by the extract. The same was
the case in thelesion producedwith testicular extract, only theinflam-
matory response in the area injected with streptococcal extract was
more severe, as judged by the intensity of the color in the area. In
one rabbit the involved area due to injection with testicular extract
and streptococci was only 1.5 cm. in diameter, or one-fifth the size of
the lesion produced by the unwashed streptococci, while in the same
animal streptococcal extract and streptococci produced a lesion six
times larger (23 cm. by 6 cm.) than did the testicular extract. In
this case, though the testicular extract very likely spread through an
area of skin equal to or greater than the initial spread of the strepto-
coccal extract, the inflamed area produced by the streptococci sus-
pended in the extract solutions was comparatively small. Obviously,
when the streptococci were mixed with the streptococcal extract their
virulence was enhanced and their spread was greater than that of
streptococci alone. The streptococci mixed with testicular extract
had been rendered relatively avirulent and could only establish
themselves in the area of the initial bleb where they were most
numerous.
(b) In vivo: Intraperitoneal.
In addition to his studies on the action of spreading factor in the
skin of rabbits, Duran-Reynals12 also reported a general permea-
bility-increasing effect for spreading factor when injected intrave-
nously into mice.
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The extract has thus been shown to have a permeability-increas-
ing effect on tissues within the body, as well as in the skin. It was
hoped, therefore, that the influence of the streptococcal extract and
of the testicular extract on the action of streptococci, as observed in
the skin of rabbits, might be clarified by injecting the organisms and
extract into mice. The intravenous route, as used by Duran-Rey-
nals"2 with dyes, was not feasible because the bacteremia produced
by the injection of streptococci resulted in too rapid a death of the
mice. Intraperitoneal injections were employed.
Mice injected with streptococcal extract and streptococci
In groups of 10 mice, the intraperitoneal injection of 1 cc. of a
10- dilution of a 24-hour broth culture of washed streptococci was
followed by injection (1 cc.) of streptococcal extract in saline, each
injection containing 0.5 mg., 0.1 mg., 0.05 mg., 0.01 mg., 0.005 mg.,
or 0.001 mg. ofextract. The extract solutions were centrifuged and
filtered before use. The results of this experiment are shown in
Graph 1. In the control group of mice only 5 died over a period
of 5 days. The first mouse to die in the group receiving 0.5 mg.
died in 15 hours, and all but one of the mice were dead in less than
35 hours, with the last mouse dying in 52 hours. The first mouse
to die in the group receiving 0.1 mg. died in 19 hours, all but 3
died within 39 hours, while the last mouse lived 10,5 hours. In the
group receiving 0.05 mg. the first mouse died within 19 hours, 5
died within 48 hours, 8 were dead at the end of 96 hours, and 2
mice survived. The groups receiving less than 0.05 mg. gave
results which were not considered significant. This virulence
enhancement always resulted with the use of streptococcal extract.
In an effort to determine whether the virulence-enhancing effect
of the streptococcal extract was due to its action on the streptococci
orto damage to thedefensivemechanisms oftheexperimental animal
so injected, a series of experiments was performed in which the
quantity of extract and the order of injection of extract and strepto-
cocci were varied.
From the results of these experiments no clear deductions of
importance could be drawn.
Washed streptococci were suspended in a heavy solution of strep-
tococcal extract for at least an hour and then centrifuged down.
These treated organisms, when resuspended in saline and injected
intraperitoneally into mice, were found to be more virulent than
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were the controls which received washed untreated streptococci.
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and so make them more virulent, or that the extract restored some
portion of an enzyme system removed by washing. No procedure
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quantity of unadsorbed extract which might be transferred in
handling.
The virulence-enhancing action of streptococcal extract was fur-
ther and more strongly demonstrated when the extract was injected
alone, and then followed an hour later with the injection of washed
streptococci. This action was as great as that observed when the
extract and streptococci were injected simultaneously. The results
in this instance suggest that the action exerted by the streptococcal
extract may have a detrimental effect on the defense mechanism of
the host. This aspect of the problem is being investigated further.
Mice injected wsth testicular extract and streptococci
One group of 20 mice received streptococci suspended in a solu-
tion of testicular extract so diluted that each mouse received 10 mg.
of testicular extract in 1 cc. of a 10` dilution of washed streptococci.
In a similar fashion groups of mice received 5 mg. and 0.1 mg. of
testicular extract and streptococci, while one group received 5 mg.
of testicular extract alone followed 4 hours later by another 5 mg.
of testicular extract and streptococci. The total number of hours
of survival of these mice injected with streptococci were: 10 mg. of
testicular extract, 736 hours; 5 mg. of testicular extract, 600 hours;
0.1 mg., 465 hours; and the controls 393 hours. The mice which
received two 5 mg. injections of testicular extract remained alive for
a total of 798 hours. These results are presented in Graph 2.
In a duplicate experiment the results were as follows: testicular
extract 2 mg., 1,463 hours; testicular extract 1.0 mg., 1,229 hours;
testicular extract 0.1 mg., 1,215 hours; and the control group, 402
hours (see Graph 3).
Repeated efforts were made to get as complete protection as
possible with the testicular extract. The best results were secured
when the extract was given with the streptococci, and then additional
extract given every 2 hours over a period of 10 hours. The quan-
tity of extract given was 1.75 mg. in a volume of 0.25 cc. of saline.
Two groups of 30 mice each were used. All of the control animals
died in 48 hours, with half of them having died within 24 hours.
The extract-treated mice were observed for one week. At the end
of this period 4 mice were still alive. Half of the mice had died
during the first 48 hours, while the last mouse to die had died at
the end of 120 hours. The results of this experiment are presented
in Graph 4.
In one case an exceptionally large quantity of testicular extract,
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which was neither centrifuged nor filtered, was injected along with
streptococci. All the mice so treated died within 24 hours. Half
of the controls died in this period, while the remainder of the con-
trols survived.
The specificity of this action was checked by injecting, in the
place of the extracts, a number of different non-specific substances,
both protein and carbohydrate. At present it suffices to report that
the substances were, to varying degrees, capable of enhancing the,
virulence of streptococci. This phenomenon of virulence enhance-
ment is no doubt related to that shown by similar studies made
within the past ten years. Nungester, Wolf, and Jourdonais33 were
able by the use of mucin to enhance the virulence of pneumococci,
streptococci, and staphylococci in mice. Miller,30' 31 Cohen,7 and
Miller and Castles32 showed that the meningococcus could be made
strongly virulent for mice by the use of a specially prepared gastric
mucin with glucose added. Parfentjev and Collins34 used mucin
and glucose to enhance staphylococcal infections. The mechanism
involved in these instances may include, among other things, a pro-
tective action against phagocytosis and a growth-promoting action.
The experiment which follows indicates that the extract exerts a
growth-promoting effect.
(c) In vitro: Broth cultures.
An effort was made to check on variations in the size of the
inoculum of streptococci and thus reveal a source of error in deter-
mining virulence enhancement. False conclusions would result if
certain groups of mice received a larger number of streptococci in
a given inoculum than did any other group in the series. To aid,
therefore, in interpreting the results obtained with the mice injected
with organisms and extract in the preceding experiments, in vitro
examinations were made to determine both the number of strepto-
cocci present in a given inoculum and whether or not contaminants
were present. In addition to these two control aspects, opportunity
was offered to determine whether or not streptococcal extract might
influence the life processes of streptococci outside of the animal body:
The results indicated that the extracts may act as a growth factor,
with its effect being most obvious in the early stages of growth. In
addition, a menstruum was provided in which the streptococci
remained viable and multiplied over a longer period than would be
the case in plain broth.
380STREPTOCOCCUS HEMOLYTICUS VIRULENCE
The relation of this growth-promoting action of the extract to
its virulence-enhancing action is not clear. It might well be that
the two phenomena are governed by separate constituents of the
extracts. There is evidence, however, that certain substances which
appear to be non-specific in nature may contribute specific chemical
substances to a process of synthesis through which the virulence
factor of the streptococci comes into being.
Discussion
The two materials examined in this study were testicular extract
and a streptococcal extract. In each case the extract was secured
from an aqueous solution by precipitation with acetone.
Both extracts, when examined for spreading action by the usual
method of injection, with an indicator, into the skin of rabbits
exhibited the power to spread through the skin. The action of the
testicular extract was prompt, with the initial bleb disappearing
immediately and the maximum extent of the area involved being
defined within 2 hours. The streptococcal extract differed in that
the spread was slow, requiring at least 8 hours to reach its limits.
The area involved was edematous, with the reaction being a gradual
growth in size of the initial bleb. Though the final total areas
involved in each case wereequal, it was obvious that each ofthe areas
were different and had been produced by substances different in
nature.
Another difference observed in the two extracts was their
response to heating. When solutions of the extracts were heated
at 1000 C. for one-half hour, the testicular extract coagulated and
showed no spreading activity, while the streptococcal extract retained
most of its activity.
All of this was evident from the examination of injected areas
of the skin where Evans blue was used as an indicator. The use
of living streptococci as an indicator, in place of the dye, brought
out the fact that the streptococci produce a mild reaction in areas
injected with streptococcal extract, while only a negligible inflamma-
tory response was apparent in the areas injected with testicular
extract.
This in no way conflicts with the reports in the literature to the
effect that the spreading factor of testicular extract increases the
invasiveness of bacteria. If the spreading factor of testicular
extract is added to a broth culture and the material is injected into
the skin of a rabbit, the area involved by the resulting lesion would
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be greater than that of a lesion produced by a control injection of
organisms without the extract. By diluting the culture and so
decreasing the severity of the lesion it is possible to see that the
testicular extract decreases the severity of the lesion as compared
with the control. Duran-Reynals15 has pointed out that one factor
to be considered in this case is that the testicular extract spreads the
organisms over a greater area within the skin. This would be a
dilution process within the skin. Under this condition the defense
mechanisms of the body, for example, phagocytosis, may operate
more effectively.
As a result of its virulence-enhancing action the streptococcal
extract was examined for toxic properties. Mice were injected with
streptococcal extract alone and it was found that at least 25 mg. of
unfiltered extract solution were needed to cause death. From this
it appeared that a potent toxic element (at least, one of a lethal
nature) of the extract could not alone account for the reaction the
living streptococci produced in the skin of rabbits when they were
injected with the streptococcal extract.
The observations in the skin of rabbits were followed by the
injection ofextract andlivingstreptococci intraperitoneally into mice.
The response of the mice paralleled the reaction which had been
seen in the skin of rabbits. The majority of the mice receiving
testicular extract survived for a longer period than did the controls,
while all of the mice receiving streptococcal extract died in less than
18 hours.
The obvious result here was that while both extracts were shown
to possess the property of spreading in the skin, their influence on
the action of streptococci in regard to the virulence of the organisms
was not the same.
At the time this investigation was undertaken Chain and Duthie'
had just announced their discovery that the spreading action of
testicularextract was dueto an enzyme "mucinase" which hydrolyzed
a complex mucopolysaccharide present in the skin.
Previously, Meyer and Palmer29 had isolated from vitreous
humor and from umbilical cord a polysaccharide which they desig-
nated as hyaluronic acid. Meyer, Dubos, and Smyth27 then showed
that this acid could be hydrolyzed by an autolytic enzyme from
pneumococci. This, apparently, was a reaction analogous to that
described by Chain and Duthie.
Kendall, Heidelberger, and Dawson2" had reported isolating,
from Group A streptococci in the mucoid phase, a polysaccharide
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apparently identical with the hyaluronic acid isolated by Meyer and
Palmer. Kendall and his co-workers had employed, for isolating
this polysaccharide, chemical procedures more specific than the pre-
cipitation with acetone used in the preparation of the streptococcal
extract reported above. Even so, the work suggested that the viru-
lence-enhancing action of this streptococcal extract might well be
due to the presence in the extract of hyaluronic acid or, at least, of
a mucopolysaccharide closely related to it.
The work reported here serves only as an introduction to the
study of the mechanism of the virulence impairment of streptococci
by testicular extract, and virulence enhancement by streptococcal
extract. Positive claims concerning specific chemical substances can-
not be made in connection with this all-inclusive product, strepto-
coccal extract. The reason for using merely acetone precipitation
was to secure a product prepared in the same manner as was the
testicular extract which was available.
The active principle of testicular extract has always been known
as a water-soluble substance. It may be readily obtained in suffi-
cient quantity for study by acetone precipitation. It was assumed
that the same simple procedure would be satisfactory in securing
spreading factor from the streptococcus. The water-soluble spread-
ing factor was to overshadow any other water-soluble substances
from the streptococcus. The streptococcal extract, as reported above,
was soon shown to possess, in addition to its spreading factor which
was unlike that from testicular extract, a virulence-enhancing factor
and a growth-promoting factor. These varied responses merely
serve to emphasize the crudeness of the acetone-precipitated strepto-
coccal product. A report is to follow presenting the results of vis-
cometric studies and the results of studies relating the part played
by the so-called non-specific substances in virulence enhancement to
specific, active products isolated from the streptococcus.
If spreading factor is accepted as being an enzyme, such as
mucinase or hyaluronidase, then there is no evidence presented in
this paper that the streptococcus possesses spreading factor. It is
interesting to note that the production of spreading factor by strepto-
cocci has become a debated question. Assuming the spreading factor
of streptococci to be an enzyme, the situation is as follows: (I)
Chain and Duthie2 failed to isolate the enzyme from streptococci;
(2) Meyer, Hobby, Chaffee, and Dawson28 detected the enzyme in
some Group A streptococci; and (3) more recently McClean' has
pointed out that a capsule and hyaluronidase cannot coexist in the
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same organism (for the enzyme would destroy the capsule) and
also that these substances are produced at different times during the
life of the organism. The evidence presented in this paper suggests
that the spread produced by streptococci acts independently of an
enzyme of the nature of hyaluronidase.
Conclusions
1. An acetone-precipitated substance from the saline washings of
Group A streptococci, designated as streptococcal extract, was found:
(a) to produce a slow, edematous spread in the skin of rabbits;
(b) to retain most of its spreading capacity when heated to
1000 C. for one-half hour;
(c) to cause an increase in the severity of the inflammatory
response provoked in the skin of rabbits by the injection of living
streptococci;
(d) to increase the virulence of streptococci for mice when added
to sublethal doses of the organisms which were administered intra-
peritoneally; and
(e) to kill mice when used in high concentrations and without
removing the insoluble substances.
2. Testicular extract, which had been prepared by acetone precipi-
tation, was found:
(a) to produce a rapid, non-irritating spread in the skin of
rabbits;
(b) to lose its spreading action when heated at 100°C. for
one-half hour;
(c) to decrease the severity of the inflammatory response pro-
voked in the skin of rabbits by the injection of living streptococci;
and
(d) to decrease the virulence of streptococci for mice when
multiple lethal doses of the organisms were injected intraperitone-
ally.
3. An explanation is advanced concerning the manner in which
testicular extract decreases the virulence of streptococci:
(a) the virulence-enhancing substance produced by streptococci
contains hyaluronic acid;
(b) testicular extract contains an enzyme which can destroy this
hyaluronic acid.
4. Evidence in support of the idea that the spreading factors of
testicular and streptococcal extracts are different substances is found
in their difference in reaction response, as seen:
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(a) in the rate of spread in the skin;
(b) in the size of the area of skin involved;
(c) in the intensity of the indicator color in the area injected
with extract when the indicator is injected intravenously;
(d) in the case of evidence of irritation or inflammation in the
areas of skin injected; and
(e) in their modifying influences on the virulence of streptococci.
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